Background: Toxic epidermal necrolysis (TEN) is a rare, life-threatening condition caused by certain medications. Keratinocytes affected by TEN have been found to undergo apoptosis mediated by Fas-FasL interactions. Treatment with intravenous immunoglobulin (IVIG) has been proposed to inhibit this interaction.
T
OXIC EPIDERMAL necrolysis (TEN) is a rare, life-threatening condition, the result of a hypersensitivity reaction to various drugs. [1] [2] [3] The incidence of TEN varies between 0.4 and 1.2 cases per million per year, and more than 100 different drugs have been associated with TEN. 1 The mortality rate associated with TEN varies from 15% to 40%, with a large portion of patients dying from infections or multiorgan failure. [2] [3] [4] Toxic epidermal necrolysis often begins with symptoms of fever, sore throat, and burning eyes, usually 1 to 3 days prior to any cutaneous lesions. 4 The cutaneous signs emerge as poorly defined erythematous macules with darker purpuric centers that tend to merge and cause extensive epidermal necrosis and detachment (Figure) . Mucosal lesions are invariably present and usually involve the conjunctiva, mouth, trachea, bronchi, genitourinary tract, and parts of the gastrointestinal tract. Histologic examination shows necrotic keratinocytes and confluent epidermal necrosis with vacuolar alteration of the dermoepidermal junction and subepidermal blisters. 5 Recent discoveries have shown that keratinocytes in TEN undergo apoptosis, not simply necrosis. 6, 7 Further research has elucidated that this apoptosis can be induced by interactions between cellsurface death receptor Fas and its ligand, FasL or CD95L. 7 Keratinocytes express little FasL under normal conditions; however, in TEN there is a 3-to 4-fold upregulation of the FasL. Keratinocytes usu-ally express Fas, and their numbers remain unchanged during TEN.
It is known that intravenous immunoglobulin (IVIG) treatment, among other things, inhibits Fas-mediated keratinocyte apoptosis by blocking the Fas receptor. In a recent study by Viard et al, 7 10 patients with TEN were treated with IVIG. The authors suggest that IVIG may abrogate the process of epidermal necrolysis and decrease mortality. We report the prospective use of IVIG in 16 patients with TEN at a single institution. Eight patients (patients 1-5, 8, 10, and 11) were also included in a previous multicenter retrospective study. 8 SCORTEN, a TEN-specific severity of illness scale, has been proven to be an accurate predictor of mortality in patients with TEN 9 by evaluating 7 independent risk factors (age Ͼ40 years; presence of malignancy; body surface area involved Ͼ10%; serum urea nitrogen level
and heart rate Ͼ120 beats per minute within the first 24 hours of admission). To evaluate the efficacy of IVIG treatment for our patients with TEN, we used the SCORTEN scale.
METHODS
Sixteen patients with TEN were included in this study. Patients with Stevens-Johnson syndrome were excluded because they usually have good outcomes (Ͻ2% mortality). All patients were admitted to the dermatology unit at the University of Miami Department of Dermatology/Cedars Medical Center.
Diagnosis was based on clinical findings and confirmed with findings of skin biopsy analysis. The drug responsible for the condition was determined historically according to the timing of the drug reaction.
The patients were managed with our standard TEN protocol, which included nonstick dressings impregnated with isotonic sodium chloride solution (normal saline) or silver nitrate every 3 to 8 hours and changed every 3 days. 10 Hematologic, electrolyte, and blood chemistry values was closely monitored. Biopsies and wound cultures were performed on admission. Pain control, antacids, oral hygiene, anticoagulants, and systemic and ophthalmic antibiotics were administered as needed by the patient. In some cases, ventilatory support (including endotracheal intubation and/or tracheostomy), dialysis, blood transfusions, and/or filgrastim treatments were necessary. Aggressive pulmonary toilet was undertaken on all patients. Adequate nutrition for the hypermetabolic state was achieved via a nasogastric tube in most patients, but some patients required total parenteral nutrition. A dose of 1 g/kg of IVIG was administered in all cases (except for patient 8, who received 0.4 g/kg) every day for 4 days. All but 2 patients (patients 8 and 9) received IVIG without sucrose, which is nephrotoxic. Patient 8 had end-stage renal disease prior to receiving the IVIG and was undergoing hemodialysis. Patient 9 had normal renal function prior to receiving IVIG and did not develop any renal insufficiency. Clinical data for the 16 patients are reported in Table 1 and Table 2 .
Each of the SCORTEN risk factors was recorded for each of the 16 patients treated with IVIG ( Table 3 and Table 4 ). The predicted mortality percentage was based on the number of risk factors each patient possessed. Patients with 0 to 1 risk factors had an expected mortality rate of 3.2%; 2 risk factors, 12.2%; 3 risk factors, 35.3%; 4 risk factors, 58.3%; and 5 or more risk factors, 90%. The expected number of deaths was calculated for each subgroup. The standardized mortality ratio analysis (SMR) ([⌺ observed deaths/⌺ expected deaths]ϫ100) was used to determine whether IVIG treatment could significantly reduce mortality for patients with TEN.
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RESULTS
The average age of the patients was 42.81 years (range, 19-62 years). There were 8 men and 8 women. Six patients were Hispanic, 4 were white, 5 were black, and 1 patient was Indian. In regard to medical history, 4 of the patients had metastatic disease and/or tumor, and 5 patients had human immunodeficiency virus (HIV). One patient was pregnant and gave birth, without complications, to a healthy baby through normal spontaneous vaginal delivery. 12 Cases were classified according to a recently published classification system into StevensJohnson syndrome/TEN overlap, TEN with spots, and TEN without spots, depending on the percentage of body surface area involvement and characteristic cutaneous findings. 13 Phenytoin was the causal agent in 6 of the cases. Also, HIV drugs were the causal agent in 5 of the cases. The average length of stay in the hospital was 20.31 days. No further lesions developed subsequent to IVIG treatment after an average of 3.75 days, with total reepithelialization occurring in an average of 8.50 days. The average time between the first cutaneous lesion and the start of IVIG treatment was 3.50 days.
Findings of hematologic analysis showed large variation among patients. White blood cell counts ranged from 1.7 to 32.6ϫ 10 3 /µL, hemoglobin from 7.3 to 15.9 g/dL,
Extensive cutaneous involvement of toxic epidermal necrolysis in patient 7 prior to beginning intravenous immunoglobulin treatment. Of the 16 patients in this study, all showed clinical improvement and disease resolution. However, there was 1 death due to preexisting medical conditions. The patient (patient 8) had been undergoing dialysis prior to contracting TEN and received a lower dose of IVIG (0.4 mg/kg per day for 4 days) than the other patients received. Despite this lower dose, the patient's lesions resolved, but she experienced a fatal episode of asystole. None of the other patients developed complications, and IVIG therapy was well tolerated. Abnormalities in laboratory values normalized after resolution of TEN in all patients. One patient required a tracheostomy to treat respiratory failure secondary to adult respiratory distress syndrome.
Based on SCORTEN, the expected mortality was 5.81 patients or 36.3%. However, the actual mortality was 1 patient or 6.25%. The SMR analysis indicated an 83% reduction in mortality for patients treated with IVIG (SMR=0.17; 95% confidence interval, 0.0-0.96).
COMMENT
Toxic epidermal necrolysis is a life-threatening exfoliative condition, usually the result of a severe drug reaction involving the apoptotic loss of the epidermis. 6 Many drugs have been implicated in the pathogenesis of TEN. 1 In a large case-controlled study, the drugs most commonly associated with TEN were found to be sulfonamides, anticonvulsant agents, allopurinol, and oxicam nonsteroidal anti-inflammatory drugs. 1, 3 There is also substantial association with antibiotics such as cephalosporins, quinolones, aminopenicillins, tetracyclines, and imidazole antifungal agents. Recently, a study suggested that the sooner the drug treatment was halted, the fewer skin lesions would occur, and consequently the lower the mortality rate would be. 4 It was demonstrated that the early cessation of treatment with the causative drug would decrease mortality from 27% to 11%. However, this only held true for drugs with short half-lives. Those with longer half-lives are associated with the same mortality regardless of how soon the treatment is discontinued.
The diagnosis of TEN is based on clinical appearance and histopathologic evaluation. Standard management in our service includes discontinuation of treatment with the suspected drug, fluid replacement including colloids, strict intake and output, use of nonstick dress- ings soaked with normal saline or 0.5% silver nitrate, systemic administration of antibiotics as per wound cultures, nutritional support, pulmonary and eye care, analgesics, anticoagulation, antacids, and/or (recently) IVIG. 9 Depending on the complications due to TEN, it is often necessary to provide ventilatory support, dialysis, transfusions, and/or filgrastim treatment. Some patients require transfer to the intensive care unit.
In the past, IVIG has been used to treat a number of autoimmune disorders, including dermatologic diseases such as dermatomyositis and pemphigus.
14 It is known that IVIG modulates cytokine release, induces blockade of receptors, and inhibits Fas-mediated keratinocyte apoptosis. 7 In 1998, Viard et al 7 suggested that IVIG could be used to treat TEN. It works by inhibiting keratinocyte apoptosis triggered by interaction with cell surface death receptor Fas with FasL. In the study by Viard et al, 7 patients with TEN were treated with 0.2 to 0.75 g/kg of IVIG every day for 4 days. This regimen was sufficient to cause resolution of TEN without any complications. Later, other case reports supported the use of IVIG to treat patients with TEN. [15] [16] [17] [18] [19] [20] In these cases, there was rapid improvement, shorter hospital stays, and no mortalities. Intravenous immunoglobulin treatment provides a large colloidal source of protein with a longer halflife than albumin (17 days vs 6 hours), and we believe that colloidal intravenous support is very important in the early stages of TEN, thus IVIG may have additional benefit.
In contrast to our previous experience with TEN spanning over a decade, where our mortality rate was 29% prior to the use of IVIG, our recent experience with IVIG adds further support for its use in TEN ( Table 5 ). In the present study, all 16 patients with TEN were successfully treated as shown by disease resolution and clinical improvement. One patient died, but this was the result of the patient's preexisting condition. Lower doses of IVIG (2 g/kg total) have been linked to increased risk of mortality. 8 Interestingly, 14 of our patients received a full dose of IVIG (4 g/kg total) and survived. In addition, IVIG was well tolerated in all patients.
SCORTEN, a TEN-specific illness severity score, was used to assess the value of IVIG for patients with TEN. SCORTEN has been shown to be effective in predicting mortality rates in patients with TEN based on 7 independent risk factors (age, Ͼ40 years; presence of malignancy; body surface area involved, Ͼ10%; serum urea nitrogen level, Ͼ28 mg/dL [Ͼ10 mmol/L]; glucose level, 3 ] level, Ͻ20 mEq/L [Ͻ20mmol/L]; and heart rate, Ͼ120 beats per minute within the first 24 hours of admission). 9 The mortality rate for patients is based on the number of risk factors each patient has. The SCORTEN system predicted 5.81 deaths, but there was only 1 death. The SMR analysis ([⌺ observed deaths/⌺ expected deaths]ϫ 100) was used to compare the observed and expected mortality rates based on the SCORTEN system. The calculated SMR of 0.17 (95% confidence interval, 0.0-0.96) showed that patients treated with IVIG were 83% less likely to die, based on SCORTEN, than those patients who were not treated with IVIG (PϽ.05).
In conclusion, we add support to the use of IVIG in the treatment of patients with TEN. Using predicted mortality as determined by the SCORTEN system, IVIG treatment significantly decreased mortality and was well tolerated. Until a randomized placebo-controlled trial of IVIG for patients with TEN is performed, our data support the use of IVIG for patients with TEN. 
